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attribute decision making under simplified 
neutrosophic environments 
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Abstract. A simplified neutrosophic set (SNS) is a subclass of neutrosophic set and contains a single-valued neutrosophic 
set (SVNS) and an interval neutrosophic set (INS). It was proposed as a generalization of an intuitionistic fuzzy set (IFS) 
and an interval-valued intuitionistic fuzzy set (IVIFS) in order to deal with indeterminate and inconsistent information. The 
paper proposes another form of the Dice measures of SNSs and the generalized Dice measures of SNSs and indicates that 
the Dice measures and asymmetric measures (projection measures) are the special cases of the generalized Dice measures in 
some parameter values. Then, we develop the generalized Dice measures-based multiple attribute decision-making methods 
with simplified neutrosophic information. By the weighted generalized Dice measures between each alternative and the ideal 
solution (ideal alternative) corresponding to some parameter value required by decision makers’ preference, all the alternatives 
can be ranked and the best one can be obtained as well. Finally, a real example on the selection of manufacturing schemes 
demonstrates the applications of the proposed decision-making methods under simplified neutrosophic environment. The 
effectiveness and flexibility of the proposed decision-making methods are shown by choosing different parameter values. 
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1. Introduction 


Multiple attribute decision making is amain branch 
of decision theory, where neutrosophic theory intro- 
duced by Smarandache [1] has been successfully 
applied in recent years. As a generalization of an 
intuitionistic fuzzy set (IFS) [16] and an interval- 
valued intuitionistic fuzzy ([VIFS) [17], a simplified 
neutrosophic set (SNS) introduced by Ye [10] is 
a subclass of a neutrosophic sets [1], including a 
single-valued neutrosophic set (SVNSs) [4] and an 
interval neutrosophic set (INSs) [3]. Hence, SNSs 
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are very suitable for handling decision making 
problems with indeterminate and inconsistent infor- 
mation, which IFSs and IVIFSs cannot describe and 
deal with. Recently, many researchers have applied 
SNSs and the subclasses of SNSs (SVNSs and INSs) 
to the decision-making problems. Various methods 
have been developed to solve the multiple attribute 
decision-making problems with simplified neutro- 
sophic information. For example, Ye [9] proposed 
the correlation coefficient of SVNSs and applied it 
to multiple attribute decision making. Chi and Liu 
[18] and Biswas et al. [21] extended TOPSIS method 
to single-valued and interval neutrosophic multiple 
attribute decision-making problems. Ye [11-13] pre- 
sented some similarity measures of SVNSs, INSs 
and SNSs and applied them to decision making. 
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Ye [14] put forward a cross-entropy measure of 
SVNSs for multiple attribute decision making prob- 
lems. Ye [10], Zhang et al. [5], Liu et al. [19], Liu and 
Wang [20], and Peng et al. [8] developed some simpli- 
fied, interval and single-valued neutrosophic number 
aggregation operators and applied them to multiple 
attribute decision-making problems. Peng et al. [7] 
and Zhang et al. [6] proposed outranking approaches 
for multicriteria decision-making problems with sim- 
plified and interval neutrosophic information. Sahin 
and Kucuk [22] presented a subsethood measure for 
SVNSs and applied it to multiple attribute decision 
making. Sahin and Liu [23] introduced a maxi- 
mizing deviation method for neutrosophic multiple 
attribute decision making with incomplete weight 
information. Ye [15] presented a multiple attribute 
decision-making method based on the possibility 
degree ranking method and ordered weighted aggre- 
gation operators of interval neutrosophic numbers. 

Since the Dice measure is one of vector similarity 
measures, it is a useful mathematical tool for han- 
dling decision-making problems. However, the Dice 
measure of SNSs [13] used for decision making lacks 
flexibility in decision-making process. Therefore, it 
is necessary to improve the Dice measure of SNSs 
to handle multiple attribute decision-making prob- 
lems to satisfy the requirements of decision makers’ 
preference and flexible decision making. In order 
to do so, the main purposes of this paper are: (1) 
to propose another form of the Dice measures of 
SNSs, (2) to present the generalized Dice measures 
of SNSs, and (3) to develop the generalized Dice 
measures-based multiple attribute decision-making 
methods with simplified neutrosophic information. 
In the decision making process, the main advan- 
tage of the proposed methods is more general and 
more flexible than existing decision-making methods 
with simplified neutrosophic information to satisfy 
the decision makers’ preference and/or practical 
requirements. 

The rest of the paper is organized as follows. 
Section 2 reviews the Dice measures of SNSs. Sec- 
tion 3 proposes another form of the Dice measures 
of SNSs. In Section 4, we propose the general- 
ized Dice measures of SNSs and indicate the Dice 
measures and asymmetric measures (projection mea- 
sures) as the special cases of the generalized Dice 
measures in some parameter values. In Section 5, the 
generalized Dice measures-based multiple attribute 
decision-making methods are developed under sim- 
plified neutrosophic environment. In Section 6, a real 
example on the selection of manufacturing schemes 


is given to show the application of the proposed meth- 
ods, and then the effectiveness and flexibility of the 
proposed methods are indicated by choosing different 
parameter values. Finally, Section 7 contains conclu- 
sions and future work. 


2. The Dice measures of SNSs 


As a subset of a neutrosophic set [1], Ye [10] intro- 
duced a SNS and gave its definition. 


Definition 1. [10] A SNS S in the universe of 
discourse X is defined as S = {(x, ts(x), us(Xx), vs(x)) 
|x € X}, where ts(x): X — [0,1], us(x): X > 
(0, 1], andv,(x) : X — [0, 1] are a truth-membership 
function and an indeterminacy-membership func- 
tion, a falsity- membership function, respectively, 
of the element x to the set S with the condition 
O < ts(x) + us(x) + Vs(x) < 3 for x € X. 

In fact, SNSs contain the concepts of SVNSs 
and INSs, which are the subclasses of SNSs. For 
convenience, a component element <x, ft;(x), 
Us(X), Vs(x) > in a SNS S is denoted by s, =< 
ty, Ux, Vx > for short, which is called the simpli- 
fied neutrosophic number (SNN), where t,, Ux, Vx € 
(0, 1] and O<t,,+u,+v, <3 for a_ single- 
valued neutrosophic number (SVNN), and then 
ty = [02,24] € (0, U, ws = (uk, uw] C 0, 1, vx = 
ee v7] C [0, 1] and 0 < i + al + ed < 3 for an 
interval neutrosophic number (INN). 

Ye [13] presented the Dice measures of SNSs, 


which was defined below. 


Definition 2. [13] Let S; = {s11, s12,..., sin} and 
So = {821, $22,..., San} be two SNSs. If STj=< 
tj, Ulj, Vij, > and S2j=< 12), U2j, V2j,> G = 
1,2,..., m) are the j-thSVNNs in S; and S2 respec- 
tively, then the Dice measure between S$; and S> is 
defined as: 


251; : S2j 


1 n 
Dsvnni(S1, S2) = ; 
‘ *. [oujl? + [say]? 


i " Q(t jtoj + ui juaj + vijv2;) 
no (ij + uy; + v4;) + (5; + U5, +v3;) 
(1) 
If STj=< tj, Ulj, Vij > and S2j =< 12j, U2j, 
v2j > (j = 1,2,..., m) are the j-th INNs in S; and 
Sz respectively, then the Dice measure between S} 
and 5S» is defined as: 
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284; * 82 


1 n 
Dinni (Si, S2) = ; ye 5 5 
at [uj] + [524 
Lab. AU3U eb NE 
‘ i 
UU, LoL UU 
THY Ug; TV iV2y 7 VV 9; 
L.2 L\2 L\2 
Cm) + (uy) + (vj;) 


1 n 
=-»- (2) 
j=l 

HY + Ul? + WHY 
+P + (U5, + V3, 
+BY + USP + 09 


Then, the two Dice measures Dsynyi(S1, S2) and 

Dinni(S1, Sz) satisfy the following properties [13]: 

(P1) Dsvnni(Si, S2) = Dsvnni(S2, Si) and 
Dinni(S1, S2) = Dinni(S2, $1); 

(P2) 0 < Dsynni(S1, S2) <1 and O< Dini 


(Si, So) <1; 
(P3) Dsvnni(S1, S2) = 1 and Diyni(Si, S2) = 
1,if Sy; = So. 
Especially when fj; = tf — tt, uij = uis = uy 
and vig = vi = vl for? = 1,2 and f= 1,2) ...5 0 


are hold, Equation (2) is degenerated to Equation (1). 

In real applications, one usually takes the 
important differences of each element sj; (i= 
1,2; j=1,2,..., m) into account. Let W= 
(w1, W2,..., Wn)! be the weight vector for sj; (i = 
123 fSd, Qosayc it); wj > Oand Yi) wi = 1. 
Then, based on Equations (1) and (2), Ye [13] fur- 
ther introduced the weighted Dice measures of SNSs, 
respectively, as follows: 


= 281) ° 82; 
Dwsvnni(S1, 52) = So wj— +. 
fat ssl + |saJI 


n 


= 2(ty jt2j; + ui ju2j + vijv2;) 
dig 2 24 2 2) 
tpt yy tt; aj + 4a; + V2; 


(3) 


j=l 


n 
251) - 59; 
j 192; 
Dwinni(S1, S2) = LS Wj 9 
j= [sii] + [524] 
BoE UG a8 
5 Wee 
UU, LiL UU 
Ty Uy; TV iV2j) + V1 59; 
L\2 L\2 L\2 
Cr) + (uy) + (v7;) 


(4) 
HEY + UY? + WF)? 
HEY + Uh? + 3, 


HB + UZ + WFP 


3. Another form of the Dice measures of SNSs 


This section proposes another form of the Dice 
measures of SNSs, which is defined as follows. 


Definition 3. Let S, = {s11, sj2,..., Sin} and 
So = {821, $22,..., San} be two SNSs. If S]j =< 
tj, Ulj, Vij > and S2j =< 12), U2j;, V2j > G= 
1, 2,..., m)are the j-th SVNNs in S; and S2 respec- 
tively, then the Dice measure between S$) and S> is 
defined as: 


2(S; - Sy) 
1S? + Sal? 
2d ojat (ta jtag + wi juaj + V1j¥2)) 
~ int Cy + uty + VTA) + nr Gj + 03j + ue 


Dsynn2(S1, S2) = 


If Syj =< tj, Uij, Vij > and $2] =< 12j, u2;, 
v2j >G=1, 2,..., m) are the j-th INNs in S; and 
Sz respectively, then the Dice measure between S} 
and S» is defined as: 


2(S - Sy) 


Dynn2(S1, S2) = —3——5 
, 2 2 
[Si| + [So] 

Like GU Bok 

aye tity + ty jlog 7 ML jY a; 

j=! UU EOE UU 

Hy gg TV Vag 1 V1jV2; 


(tj)? +? + UT)? 


s, 
j=l 


+Uy i) + OF + 0)" 


3s (yr + OY + (UX, 
FUT HUgY + 2 + OF 
(6) 
Obviously, the two Dice measures Dsyyn2 
($1, S2) and Dinw2(S1, Sz) also satisfy the follow- 
ing properties: 
(P1) Dsvwn2(Si, S2) = Dsvnn2(S2, $1) and 
Dinn20S1, $2) = Dinn2(S2, S41); 
(P2) 0 < Dsynn2(S1, $2) < 1 and 0 < Dyynz2 
(S1, S2) < 1; 
(P3) Dsvnn2(S1, S2) = 1 and Diyn2(S1, S2) = 
1,if S$; = Sp. 


Proof: 

(P1) It is obvious that the property is true. 

(P2) It is obvious that the property is true accord- 
ing to the inequality a” + b* > 2ab for Equations (5) 
and (6). 
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(P3)IfS} = Sp, there ares); = so; (7 = 1, 2,..., 
n) and | Sy | = | So]. So there are Dsynn2(S1, S>) =1 
and Djwn2(S1, $2) = 1. 

In practical applications, the elements for sjj 
G@=1, 2; j=1, 2,..., n) have different weights. 
Let W=(wu, w2,..., Wn) be the weight vec- 
tor for sij @=1,2; j=1, 2,..., n), w;j = 0 and 
Bye _; w; = 1. Then, based on Equations (5) and (6) 
we facies introduce the weighted Dice measures of 
SNSs, respectively, as follows: 


2S, iy S2)w 
ISili, + 1S2l3, 
_ 2 wy (th jtoy + wi julaj + V1j¥2)) 


= n 242 2 2 Le 242 2, Daye 
jar Witt + MT; + Vip) + Dj WG; + 43; + 3) 


Dwsvnn2(S1, Sx) = 


(7) 
Dwinn2(51, S2) = ea 
2-1 Yj oe oe ; 
= Tuy Ua; TV VI7 + VAY; 
- Re oh (tj)? + (yy? + UT)? 
Diss J +(uy, fe wi 4 Wy 
ny | py + G + zy 
ae, J +)? +h? + 09? 
(8) 


4. The generalized Dice measures of SNSs 


In this section, we propose the generalized Dice 
measures of SNSs to extend the Dice measures of 
SNSs. 

As the generalization of the Dice measures of 
SNSs, the generalized Dice measures between SNSs 
are defined below. 


Definition 4. Let S, = {511, 512,..., Sin} and 

= {52], 522,..., San} be two SNSs, where 
S1j =(tj, Wij, Vij) and $2; = (t2;, u2j, v2j) G= 
1, 2, ..., m) are considered as the j-th SVNNs in 
the SNSs S; and S2. Then the generalized Dice mea- 
sures between S$ and S2 are defined, respectively, as 
follows: 


n 
S1j* 82; 


G Si, So) = 
svwni(S1, So n <— a|sij) + —a) |o2,| 


n 
stay + Uy ju; + v1 jV2;) 


1 
7 no 4 MET; + ut; + V7) + A ANG, + 03; + 93)" 


(9) 


S, + So 
AISI? + (1 — A) |S2/? 


Gsvynn2(51, S2) 


pe (t) jt2j + U1 ju2j + V1j;V2;) 
aD ope Cy tty trip + — 9D G+ +9) 
(10) 
where A is a positive parameter for 0 < A < 1. 
Then, the generalized Dice measures imply some 
special cases by choosing some values of the param- 
eter A. If A = 0.5, the two generalized Dice measures 
(9) and (10) are degenerated to the Dice measures (1) 
and (5); if A = 0, 1, the two generalized Dice mea- 
sures are degenerated to the following asymmetric 
measures respectively: 


ic S1j° 82; 
Gsvnni(S1, 52) = — S> —— 
ja [824 


n 
1 > ty jtaj + uy ju2j + Vi jV2; 
n 


ford’ =0, (11) 
2 2 2 
mr ka 


j=l 


Sip ° S27 


1 n 
Gsvwni(S1, 82) = — S> 
"ai [su 


1 oa th jtey + ui juay + v1jv2; 
a Ly tay tga +E top 4 21, 12 
are as 
S,- So 
Gsvnn2(S1, S2) = ——- 
| S2| 


jai (tjtaj tui juaj + v1j¥29) 
= = 5 5 5 for A = 0, (13) 
Deja yj + 49; + v2) 


Gsvnn2(S1, S2) = 


ja (Hjtaj tui juaj + v1jv2,) 
= n 2 2 2 
Sa yet (ty; + uz; + vi) 


for 4 = 1. (14) 


Obviously, the four asymmetric measures are the 
extension of the relative projection measure (the 
improved projection measure) of interval numbers 
[2], hence the four asymmetric measures can be con- 
sidered as the projection measures of SNSs. 

For practical applications, the elements of sj; 
(@=1,2; j=1,2,..., n) imply different weights. 
Assume that W = (w1, w2..., w,)! is the weight 
vector for 5, @=1, 2; j=1, 2,..., n), wj =O 
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and ae _ | w; = 1. Thus, based on Equations (9) and 
(10) we further introduce the following weighted 
generalized Dice measures of SNSs, respectively, as 
follows: 


n 


G (Sy, So) = 
WSVNNI(1; 92 2 aul oe Sear 


Sij- S2j 


n 


=Sow ty jtaj + Uijuoj + VijV2; 
- "IG, +0, +7) +0 - VG, +3, +3,’ 
(15) 
(Si - Sa) 
Gwsvnn2(S1, S2) = 
A[Si12, + =A) [S22 
= 2741 w(t jt2, + uy juz; + V1 ;V2;) “is 
7 ice 2 2 . 
A oan wit buy tvppt 
Ee Dred 2 2 
(1 —A) ae wi (ty; +43; + v3;) 
Definition 5. Let S$; = {s11, s12,..., Sin} and 


= {821, 522,..-, San} be two SNSs, where 
S1j = (tj, Wij, Vij) and 52; = (t2;, u2j, v2j) G = 
1,2,..., m) are considered as the j-th INNs in the 
SNSs S$; and Sz. Then the generalized Dice mea- 
sures between S; and S2 are defined, respectively, 
as follows: 


n 
S1j * Sj 1 


G S mY = — 
inn3(S1, S2) 2 ul =D lal ; 


> ty jtay + tata + mr jMay + Mrjdy + VIG; + VUIY3) 
j=l x hs + (uy + ry | 
+ + uy? + OF 
(jr + (ud)? + (4, 
aa i i) Uy2 U\2 U\2 
+(t5;) cm (u3;) + (¥3;) 
(17) 


S, - So 
AIS? + =A) [$2 


Ginna(S}, Sz) = 


n LL U wu U U 
ae (tyjty +t; ty, buy uy, + uy Me, FEE TY v5) 


(tH) + (Hh)? + uhY 
ae 4 


+(uy — iy ate wy) 


al o> 


(th) + GY + UZP | 


Huss)? + 3,9 + 05) 
(18) 


where A is a positive parameter for 0 < A < 1. Espe- 


cially, when tj = th; — tH, Ui, = uh = ul’, and Vij = 
vi = vy fori = 1, P and 7 1, 2,..., narehold, 


Equations (17) and (18) are degenerated to Equations 
(9) and (10). 

Similarly, if 4 = 0.5, the two generalized Dice 
measures (17) and (18) are degenerated to the Dice 
measures (2) and (6); if A = 0, 1, then the two gener- 
alized Dice measures are degenerated to the following 
asymmetric measures respectively: 


n 


i Siz ° So; 1 
G $1, 82) = a 
inn3(S1, S2) oe 5 2 


7 n 
j=l |s2;| j=l 


Ey kL U_U Leask. U,U 

tyjtay Mag Mr eay + May + VEY3y FYI) 
L 

hy? + uh? +h, + Gi? + Uy? + SP 


for 4 = 0, (19) 


n 


| (eee ee 1 
ey 


Giyn3(S1, S2) = - 
j=l [su] j=l 


Peh (onU Dk UU. bob UU 
ty jly 1 ty jtay Uy May + Mya FV TVoy + VTi; 


Gh) + Uh? + Of)? + GY + @7)? + OF 


forr = 1, (20) 
- So 
Guise S P 
-_ ye 1 (Yt; re 18) uy, wy) VtjV3) vaio) 
in GP? + GP + US? + UP + OFF + 03,F] 
for A = 0, (21) 
ieee” 
INN4\Y 1, 92) = 
ae 
jan rt) + tay + era + wiley + vTVa; F PVP3) 
ars [ei )? + OF)? + ai? + GLP + OT)? + Of)7] 
forA = 1. (22) 


Then, the four asymmetric measures are also con- 
sidered as the extension of the relative projection 
measure (the improved projection measure) of inter- 
val numbers [2], which are also called the projection 
measures of SNSs. 

For practical applications, the elements of s;; (i = 
1, 2; j=1, 2,..., m) imply different weights. 
Assume that W = (w1, w2, ..., Wn) is the weight 
vector for sj, @=1, 2; j=1, 2,..., n), wj = 0 
and }“\_, wj = 1. Similarly, based on Equations 
(17) and (18) we also further introduce the weighted 
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generalized Dice measures of SNSs, respectively, as 
follows: 


n 


Gwinn3(S1, S2) = Sou; 


j=! 


y hae 8 
fine eeee ace | 


Sij- S27 


alse + (1a) |s9)]° 


Uy 2 Be oy SU, 


a urea; + viva + VY) 

= bene | 
Xr 

Hai) + 

(Hy) + U5)? +05," | 


+t)" + (Ug + (3; 
(23) 


P+ i)? 


va 


(S1 + So) 
AIS 2, + — a) | Sol? 


ae oe a ity; ~ Wyld; 
diet YF tui uy, + viyvx, + vijV3) 
Se ee | 
+g +O) + OT 
oe wv fees +P + uh, | 
ja? 


j=l 
+(uh)) + (4) + WY)? 
(24) 


Gwinna(S1, S2) = 


5. Decision making-methods based 
on the generalized Dice measures 


In this section, we propose multiple attribute 
decision-making methods by using the generalized 
Dice measures of SNSs under simplified neutro- 
sophic environment. 

For multiple attribute decision-making problems, 
let S = {$,, So, ..., Sm} beaset of alternatives and 
R={R, Ro, ..., Ry} beaset of attributes. Then, 
the weight of the attribute R; (j= 1, 2,..., m) is 
wj,w; €[0, land >%;_, w; = 1. Thus, the fitjudg- 
ment (satisfaction evaluation) of an attribute Rj (j = 
1, 2, ..., n)foranalternative S; (i = 1, 2,..., m) 
is represented by a SNS S; = {5j1, 5j2,---, Sin}, 
where sjj =< tij, Uij, Vij > 18aSVNN for0 < ti + 
uij + Vij <3 or an INN for O0< i +ul ; +b < < 
3(j=1,2,..., nandi=1,2,..., m). Therefore. 
we can Swish a simplified etitisaplig decision 
matrix D = (Sij)mxn- 

In the multiple attribute decision-making problem, 
the concept of an ideal solution (ideal alternative) can 


be used to help identify the best alternative in the 
decision set [13]. Hence, by an ideal SVNN 


sj =< tj, uj - vi >< max(tij), min(uij), min(v;j) > 
or an ideal INN 
sj =< fj,uj, vj p= < [max(ti; :); max (tj; )], 


[min(uj, 3 min(uj; “YI, [min(vj Ds min(v;; | > 


for j= 1,2,..., n andi=1, 2,..., m, we can 
determine a simplified neutrosophic ideal solu- 
tion (ideal attemmany) S* = {sT,85,..., 97}, where 
Si=<fj,u uj, vi > is the j-th ideal SNN. 

In the decision-making process, decision makers 
take some value of the parameter A € [0, 1] accord- 
ing to their preference and/or real requirements, the 
weighted generalized Dice measure between S; (i = 
1,2,..., m)and S* is obtained by using one of Equa- 
tions (15), (16), (23) and (24) to rank the alternatives. 

Thus, the greater the value of the weighted gener- 
alized Dice measure between S; (i = 1, 2,..., m) 
and S* is, the better the alternative S; is. 


6. Decision-making example 
of manufacturing schemes 


A real example about the decision-making prob- 
lem of manufacturing schemes with simplified 
neutrosophic information is given to demonstrate 
the applications and effectiveness of the proposed 
decision-making methods in realistic scenarios. 

To select the best manufacturing scheme (alter- 
native) for the flexible manufacturing system in a 
manufacturing company, the technique department of 
the company provides four manufacturing schemes 
(alternatives) with respect to some product as a set 
of the alternatives S = {S1, S2, S3, S4} for the flex- 
ible manufacturing system. A decision must be made 
according to the four attributes: (1) Rj is the improve- 
ment of quality; (2) Ro is the market response; (3) 
R3 is the manufacturing cost; (4) Raq is the manu- 
facturing complexity. The weight vector of the four 
attributes W = (0.3, 0.25, 0.25, 0.2)! is given by 


decision makers. 

In the decision-making problem, the decision mak- 
ers are required to make the fit judgment (satisfaction 
evaluation) of an attribute R; (j= 1, 2, 3, 4) foran 
alternative S; (i = 1, 2, 3, 4) and to give simplified 
neutrosophic evaluation information, which is shown 
in the following decision matrix with SVNNs: 
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D= 


(0.75, 0.2, 0.3) (0.7, 0.2, 0.3) (0.65, 0.2, 0.25) (0.75, 0.2, 0.1) 
(0.8, 0.1, 0.2) (0.75, 0.2,0.1) (0.75, 0.2, 0.1) (0.85, 0.1, 0.2) 
(0.7, 0.2, 0.2) (0.78, 0.2, 0.1) (0.85, 0.15, 0.1) (0.76, 0.2, 0.2) | 
(0.8, 0.2,0.1) (0.85, 0.2,0.2) (0.7,0.2,0.2) (0.86, 0.1, 0.2) 


Then, the developed decision-making methods can 
be used for the decision making problem. 
According to 


— 


* * * 
j< UV; 


. j 


>= < max(f;j), min(u;;), min(v;;) > 

L L L 
forj=1, 2, 3, 4andi=1, 2, 3, 4,wecanobtain 
an ideal solution (ideal alternative) as follows: 


S* = {s}, 55, 53, 54} 
< 0.8,0.1,0.1 >, < 0.85, 0.2,0.1 >, 
~ | <0.85,0.15,0.1 >, < 0.86, 0.1,0.1>{° 


By using Equation (15) or (16) and different values 
of the parameter A, the weighted generalized Dice 
measure values between S; (i = 1, 2, 3, 4) and S* 
can be obtained, which are shown in Tables 1 and 2 
respectively. 

From Tables | and 2, we can see that different rank- 
ing orders are indicated by taking different values of 
the parameter A and different generalized Dice mea- 
sures. Then we can obtain that the best alternative is 
So or $3 or Sq. 

Furthermore, for the special cases of the two gener- 
alized Dice measures we obtain the following results: 


(1) When A = 0, the two weighted generalized 
Dice measures are reduced to the weighted 
projection measures of S; on S*. Thus, the 
alternative Sz is the best choice among all the 


Table 1 
The measure values of Equation (15) and ranking orders 


X Gwsvnni Gwsvnni Gwsvnni Gwsvnni Ranking order 
(S1, S*) (Sz, S*) (S3, S*) (S4, S*) 

0 0.8895 0.9517 0.9361 0.9287 So > $3 > S4> S$ 

0.2 0.9157 0.9667 0.9558 0.9472 So > S3> S4> S 

0.5 0.9612 0.9924 0.9876 0.9816 So > S3> S4> S 

0.7 0.9966 1.0119 1.0104 1.0100 So > $3 > S4> S 

1 1.0594 1.0455 1.0475 1.0641 S4 > S; > S83 > So 


Table 2 
The measure values of Equation (16) and ranking orders 


X Gwsvnn2 Gwsvnn2 Gwsvnn2 Gwsvnn2 Ranking order 
(S1, S*) (So, S*) (S3, S*) (Sa, S*) 

0 0.8908 0.9503 0.9387 0.9372 So > S83 > S4> S 

0.2 0.9175 0.9667 0.9587 0.9557 So > S3> S4> S 

0.5 0.9605 0.9924 0.9903 0.9849 So > S3> Sq > S| 

0.7 0.9915 1.0102 1.0126 1.0054 S3 > So> S4> Sj 

1 1.0419 1.0383 1.0479 1.0378 $3 > S$; > So > S4 


the alternative S, is the best choice among all 
the alternatives. 

When A = 1, the two weighted generalized 
Dice measures are reduced to the weighted 
projection measures of S* on S;. Thus, the 
alternative S3 or S4 is the best choice among 
all the alternatives. 


(3 


wm 


Obviously, according to different values of the 
parameter 4 and different measures, ranking orders 
may be different. Thus the proposed decision-making 
methods can be assigned some value of A and some 
measure to satisfy the decision makers’ preference 
and/or real requirements. 

If the fit judgment (satisfaction evaluation) of an 
attribute R; (j= 1, 2, 3, 4) for an alternative S; 
(i= 1, 2, 3, 4) is given in the decision making 


altecnahves: problem by the following decision matrix with INNs: 
D= 
< [0.7, 0.8], [0.1, 0.2], [0.2, 0.3] > < [0.7, 0.8], [0.1, 0.2], [0.2, 0.3] > 
< [0.7, 0.9], [0.1, 0.2], [0.2, 0.3] > < [0.7, 0.8], [0.1, 0.3], [0.1, 0.2] > 
< [0.7, 0.8], [0.1, 0.3], [0.2, 0.3] > < [0.8, 0.9], [0.1, 0.2], [0.1, 0.2] > 
< [0.8, 0.9], [0.2, 0.3], [0.1, 0.2] > < [0.8, 0.9], [0.2, 0.3], [0.2, 0.3] > 
< [0.6, 0.7], [0.1, 0.2], [0.2, 0.4] > < [0.7, 0.8], [0.1, 0.2], [0.1, 0.2] > 
< [0.7, 0.8], [0.2, 0.3], [0.1, 0.2] > < [0.8, 0.9], [0.0, 0.1], [0.2, 0.3] > 
< [0.8, 0.9], [0.1, 0.2], [0.1, 0.1] > < [0.7, 0.8], [0.1, 0.2], [0.1, 0.2] > 
< [0.7, 0.8], [0.1, 0.2], [0.1, 0.3] > < [0.7, 0.9], [0.0, 0.1], [0.1, 0.3] > 


(2) When 1 = 0.5, the two weighted generalized 
Dice measures are reduced to the weighted 
Dice similarity measures of S; and S*. Thus, 


670 J. Ye / The generalized Dice measures for multiple attribute decision making 


Then, according to 


Si=<t 


* ut, vt 
J J? 


u;,Vv 


= L U 
pyyprza< [max(t;;), max(fj; y), 


4 EB U < L ‘ U 
[min(uj;), min(4j; y1, [min(v;;), min(v;; > 


for j=1, 2, 3, 4 and j=1, 2, 3, 4, we can 
obtain the ideal solution (ideal alternative) as follows: 


S* = {s},55,--.,97} 


2°n 
< [0.8, 0.9], [0.1, 0.2], [0.1, 0.2] >, 
< [0.7, 0.8 


[ [0.1, 0.2], [0.1, 0.2] >, 
< [0.8, 0.9], [0.1, 0.2], [0.1, 0.1] >, 
< [0.8, 0.9 


1, 
1, 
1, 
], [0.0, 0.1], [0.1, 0.2] > 

According to Equations (23) or (24) and different 
values of the parameter A, the weighted generalized 
Dice measure values between S; (i = 1, 2, 3, 4) and 
S* can be obtained, which are shown in Tables 3 and 
4 respectively. 

From Tables 3 and 4, different ranking orders are 
shown by taking different values of 4 and different 
measures. Then we can obtain that the best alternative 
is S; or Sz or Sq. 

Furthermore, for the special cases of the two gener- 
alized Dice measures we obtain the following results: 


(1) When A = 0, the two weighted generalized 
Dice measures are reduced to the weighted 
projection measures of S; on S*. Thus, the 
alternative S4 is the best choice among all the 
alternatives. 

(2) When 1 = 0.5, the two weighted generalized 
Dice measures are reduced to the weighted 
Dice similarity measures of S; and S*. Thus, 
the alternative S2 is the best choice among all 
the alternatives. 

(3) When A = 1, the two weighted generalized 
Dice measures are reduced to the weighted 
projection measures of S* on S;. Thus, the 
alternative S; is the best choice among all the 
alternatives. 


Therefore, according to different values of the 
parameter A and different measures, ranking orders 
may be also different. Thus the proposed decision- 
making methods can be assigned some value of 4 
and some measure to satisfy the decision makers’ 
preference and/or real requirements. 

Obviously, the decision-making methods based 
the Dice measures and the projection measures are 
the special cases of the proposed decision-making 


Table 3 
The measure values of Equation (23) and ranking orders 


i = Gwinn3 Gwinn3 Gwinn3 Gwinn3 _ Ranking order 


(Si, S*) (Sz, S*) (S3, S*) (S4, S*) 
0 0.9085 0.9770 0.9861 1.0159 S4y> S83 >S.> Si 
0.2 0.9325 0.9819 0.9860 1.0015 S4> $3 > S2.> Sj 
0.5 0.9737 0.9903 0.9901 0.9863 S$. > $3 > S4> Sj 
0.7 1.0053 0.9966 0.9955 0.9797 S, > Sz > 83 > S4 
1 1.0601 1.0072 1.0075 0.9746 S$, > S3 > Sp > S4 


Table 4 
The measure values of Equation (24) and ranking orders 


i = Gwinna Gwinna Gwinna Gwinna _ Ranking order 
(S1, S*) (Sx, S*) (83, S*) (S4, S*) 

0 0.9035 0.9726 0.9790 1.0109 S4y> $3>S2.> S; 

0.2 0.9306 0.9795 0.9833 1.0011 S4y> 83> 8. > S, 

0.5 0.9743 0.9901 0.9900 0.9867 So > S3> S4> S, 

0.7 1.0059 0.9972 0.9945 0.9774 S, > So> $3 > S4 

1 1.0572 1.0082 1.0013 0.9637 S, > So. > $3 > S4 


methods based on generalized Dice measures. 
Therefore, in the decision-making process, the 
decision-making methods developed in this paper 
are more general and more flexible than existing 
decision-making methods under simplified neutro- 
sophic environment. 


7. Conclusion 


This paper proposed another form of the Dice 
measures between SNSs and the generalized Dice 
measures of SNSs and indicated the Dice measures 
of SNSs and the projection measures (asymmetric 
measures) of SNSs are the special cases of the gen- 
eralized Dice measures of SNSs corresponding to 
some parameter values. Then, we developed multi- 
ple attribute decision-making methods based on the 
generalized Dice measures of SNSs under simplified 
neutrosophic environment. According to different 
parameter values and some measure preferred by 
decision makers, by the weighted generalized Dice 
measure between each alternative and the ideal 
solution (ideal alternative), all alternatives can be 
ranked and the best alternative can be selected as 
well. Finally, a real example about the selection 
of manufacturing schemes (alternatives) demon- 
strated the applications of the developed methods 
under simplified neutrosophic environment, and then 
the effectiveness and flexibility of the developed 
decision-making methods were shown corresponding 
to different parameter values. In the decision-making 
process under simplified neutrosophic environment, 
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the main advantage is more general and more flexible 
than existing decision-making methods to satisfy the 
decision makers’ preference and/or practical require- 
ments. 

In the future work, we shall extend the generalized 
Dice measures of SNSs to other areas such as pattern 
recognition, fault diagnosis, and image processing. 
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